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Backglfoundllntroductien '

: At the.re'qUest of Mat Moran, Healttl Agent for the Westtninstef Boerd:ef Health,
'_the.-Mss'sac}tusetts.Depa_rtment"of Public Health’s (MDPH) Center for Environmental -
'Hea'l'thé (CEH) prov-ide.d assistance and consultation regar_dihg indoor air quality at the
_ WeStntinstér Town Hall (the town hall), 3 Bacon Street, Westminster, Massachusetts.

Con_ce‘fﬂs about oders(water peﬁetration in the building c0m1_’nissiot1er’s ofﬁee prompted
the reéuest - On June 3 2005, a visit was made to this btiilding by Michael Feeﬁey, '
Dlrector of Emergency Response/lndoor Air Quahty (ER/IAQ) CEH to conduct an
1ndoor a1r quahty assessment

The town hallisa three -story, clapboard-sided, wood frame structure, constructed
in 1837. The _ﬁ_rst floor contains town offices. The second ﬂoor contains an audltorlum
| ' I_and Of;ﬁees./'The uppermost floor is unoccupied.. A furnace room is attached to the rear
of the Buildin’g’. Windows appear to be original WObden sash winciows-and. are openable
.-t'hro.ug_‘hou.t the building. The building is built upon a small crawlspace.

' ___'fhe toWn hall had undet'gone major structural feﬁttihg to preserve the sttuctural
_soux_ldxtess of the building. Substantial stabilization and repairs to portions of the roof and
ui:pennost’ 1é{zé1 were done in 2000. The topmost level eontains a-series of i“ron tie rods
| (Plctures I and lA) that connect the ﬂoor/audltorlum ceiling to the rldge beam of the
" roof, Thls de31gn would transfer the weight of the floor/auditorium cexlmg and materials-
on the-.ﬂoo_r (called load), which would pull downward-_on the roof peak. This loed w_ould' _
 then be -.transferr_ed to .the roof rafters, which would then push outward on the exterior- _

wall of the building. In order to pro_vide roof support, horizentsl beams connected t_o_-the |

rafters; were inserted into a vertical wooden beam (called and mortise-and tehon joint)




(Figure 1) (Picture 2). The mortise and tenon joints were held in place by a metal strap |

wrapped around the vertical beam and nailed into the horizontal beam with metal spikes

(Picture 3). In this fashion, the outward thrusting of the roof rafters would be arrested by

these horizontal/vertical beams.

At some point previous to the assessment, a combination of heavy snow on the

roof, combined with the weight of materials stored on the uppermost floor exceeded the

capacity for the wooden vertical beams to cairy load. This conclusion is supported by the

following conditions noted in and outside the town hall.

~ has minimal elastic quality and is extremely susceptible to compression, this gap

A number of vertical beams were either cracked at or around the iron strapping

 (Picture 4). Once a beam cracks, its ability to bear load is significantly reduced.

One vertical beam had split entirely. It appears that a type of cémposite
compound was applied to re-establish the inte.grity of the beam (Picture 5).
Supplemental steel supports (Pi_cture 6) appear to be connected to the roof edée to
the vertical support beams.

A gap, (estimated to be 2 inchés) exists between the auditorium ceiling and

gypsum wallboard (GW) used to subdivide the auditorium (Picture 7). Since GW

appears to have been created when the repairs to the beams raised the ceiling

upwards.

The north second floor wall appears to buige outwards when examined from the
northwest corner of the building (Picture 8). This bulging roughly corresponds to

the worst beam damage noted on the uppermost level.



Thgs_e rep.air.s appear to have stabilized the structure. Whether the uppermost floor can
be us_éd; for any acﬁvity that reqﬁires it to carfy_ a Signiﬁcant 10é1d' (be.yond roof snoW) is
ﬁot_cert;a‘iil." This damage to the building does not appear to be directly related to the
odéfs ;eporte’_d on tlie first floor, but may affect remediation reCdrrnnendations madein -

this repbrt (installation of gutter and downspouts to drain rainwater from the roof).

Methods
iAi'r' tests for carbon dioxide, temperature and relative humidity were taken with
 the TSI, Q-Trak, IAQ Monitor Model 8551. CEH staff also performed a visual

_ inspeéfidn of building materials for water damage and/or microbial growth.

_Results
: The town hall has an employee populatioh of 20 and can be visitéd by

approximately 50 to. 100 people daily. Tests were taken during normal operatibns and

results appear in Table 1.

" Discassion
Ventilation
It c.ani_be: seen from the tables that carbon dioxide levels were above 800 parts per
million -('p_pm). of air in three of fourteen areas surv'ejéd. ‘Please note that some roorﬁs
-were unoccupied during the assessment, Which_ _can‘ gree_ltly're.duce c;,a'r‘bon dioxide levels.

Carbon dioxide levels in the building would be expected to be higher during perif)ds of

higher occupancy.




Fresh air ventilation is delivered by unit ventilators (univents) that were retrofitted

into the building. A univent draws fresh air from é vent on the exterior of the building
and air from the room (called return air) through a vent in the base of its case l(Figure 2).
Fresh air and return air are mixed, filtered, heated and provided to rooms through an air
diffuser located in the top of the unit. The univents were deactivated during the
assessmen-tf The town hall _originally had a large room on the first floor serviced by a
single univent. The auditorium was -also originally a large open room, pfovided with heat
by two univents. Both floors were subdivided into offices without apparent conlsideration
of fhe location of ventilation systems. Offices were created by construction of interior
walls using paneling or GW. In one instance an interior wall was constructed over the
univent casing on the first floor (Picture 9). Routine filter changing and maintenance

_cannot be done on this univent without dismantling the interior wall. Hence, the first
floor has two rooms with one univent that was covered by an interior wall. All other
robms on the first ﬂbor have no mechanical VE:ntilation. The second floor had some of
the auditorium divided into offices which hévé no mechanical ventilation. The
auditorium has two univents that were deactivated during this assessment.

Exhaust ventilation in the first floor is provided by a ducted hallway wl/ent_ which is
likely connected to é fan above the furnace room (Picture 10). This vent was seaied with
plywéod (Piqtllre 11) and tl;le fan appeared to be deactivated. Withdut functional
mechanical supply or exhaust Ventilaﬁon, environmental pollutants can accumulate
within the building and lead to poor air quality/comfort complainis. To maximize air
exchange, the MDPH reéommends that windows be used to provide airflow during

business hours.




During suninier montlls, ventilation is controlled by the use of openable wlndows;
The buiflding was cenﬁgured in a2 manner to use cross-ventilation to provide comfort for -
: bnilding'occupants. The building is equipped with windows on opposing exterior _walls... |
AOpen hallway doors maintain a.-pathway for airflow. This design allows forr_airﬂew to
enter an open window, pass thtough a reom and an epen door, enter the hallway, pass -
: througll tlxe opposing open room door, into that room and exit the building en the'Ieeward ,
31de (opposne the windward 51de) (Figure 2) Withi all windows and hallway doors open,
' airflow can be mamtalned in a building regardless of the direction of the wmd ThlS
system falls if the windows or doors are closed (Figure 3). Most hallway doors in the
| bu_lldmg were open during the assessment.
To maximize air exchange, the MDPH recornmends that both supply and enhaust
ventilation operate continuously during periods of occupancy In order to have proper
| ventllatlon vnth a rnechamcal supply and exhaust system the systems must be balanced
to prowde an adequate amount of fresh air to the interior of a room while removing stale ..
air from the_.'r_oom. It is recommended that HVAC systems be re-balanced every five
years _td ensure-adequate air systems function (SMACNA, 1994). The date of the last.
' balancing of these systems was not available at the time of the assessment. The - |

" mechanical ventilation system, in its current condition, cannot be balanced.

The Massaehusetts Building Code requires a minimum ventilation rate of 20
cubic feet per minute (cfm) per occupant of fresh outside air or have openable wmdows 3
in each room (SBBRS, 1997; BOCA, 1993). The venttlatlon must be on at all times that :

| the room is occupied. Prowdmg adequate fresh air vent11at10n with open \mndows and

mal_ntal'-nmg the temperature in the comfort range d‘urmg the cold weather season is.




impractic'al.' Mechanical ventilation is usually required to provide adequate fresh air

ventilation.

Carbon dioxide is not. a problem in and of itself. It is used as an indicator of the
adequacy of' the fresh air ventilation. As _carboh.dioxid'e levels rise, it indicates that the
ventilating system is malfunctioning or the desi gn occupancy Vof the room is being
exceeded. ‘When this happens a buildup of common indoor air pollutants can occur,
leading t.o discomfort or health complaints. The Occupational Safety and Health
Administration (OSHA) standard for carbon dioxide is 5,000 parts per million parts of air
(ppm). Workers may be exposed to this level for 40 hours/week, based on a time-
weighted average (OSHA, 1997). B _ |

The Department of Public Health uses a guideline of _860 ppm for publicly
oct:upied buildiﬁgs. A guideline of 600 ppm or less is preferred in schools due to the fact
that fhe. majority of occupants are young and considered to be a more sensitive_ population
in the evaluation of envirdnmental Ihealth status. Inadequate ventilation and/or elevated
temperatures are major causes of complaints sﬁch as respiratory, eye, nose and throat
irritation, lethargy and héadaches. For rnofe information on carbon dioxide see Appendiﬁ
A, |

Temperature readings measured within a range of 71° F .to 74° F, which was
within the MDPH recommended comfort range 0f 70° F to 78° F. In many cases
concerning indoor air quality, fluctuations of temperature in occupied spaces are typically
experienced, even iﬁ a building with an adequate fresh air supply. Temperature control is

often difficult in a building with abandoned or nonfunctioﬁing ventilation systems.




.-The relz;tive humidity in the building ranged from 44 to 54 pert;ent, 'wh_i(:h. was
- also Wi:thin'-_the MDPH recqrﬁmended comfort range. The MDPH recomménds a comfort |
: rangé o{f 40 to 60 i:)ercen't for indoor air relative humidity. While these mé&éurérhents are
within the reconﬁnended comfort range, the relative humidity measurements when
cofnpéried to outdoors indicate a-possible source of water vapoi' that exists within the -
. building. Of n.o_te-is that indoor relative humidity measurements exceeded outdoor -
lﬁcasurgrflénts'by arange of 4 fo_ 17 percent. Such a dispatity between indoor and
. butdoo; rél_.ativer humidity occupancy indicates that a po_ssible source of watéf vapor in fhe
_ bﬁild‘iﬁg:'ma}; be exhaled breath of occupants in a building withqut a functioning exhaust
venti"laftioﬁ system and/or water accumulation in the crawlspace. The highest relative -
: humidi;ty‘Wés me_asured in the building'commissioner’s ofﬁce.s, the 1o_catio_n VQf the
'_reporté& odor (see the MicrobialMOisnﬁe Conqerhs éection-of thls éssessméx_rc).‘
Moisﬂre removal is important since the sensation of heat conditions increases as relative
huﬁidity increases (the relationship between temperaﬁire and're'lé.tive humidity is _'called.
the heat i_ndex). As ih_door ;cenﬁperature rises, the addition of more relative huﬁiidi_’sy'will'
- make dccupahts feel hotter. If moisture is rem'of/ed, the comfort of the individuais
improves. Removal of moisture from the air, however, can have some négative effects. |
Relaﬁi}e. humidity in the building would be expected to drop below comfort levels during
the heating season. The sensation.of dfyness and irritation is common in a low relative

~ humidity environment. Low relative humidity is a common problem during the heating

~ season in the northeast part of the United States.




Microbial/Moisture Concerns

The absence of a gutter/downspout system (Pictures 12 and 13) may have a role in
water accumulating in the butlding, particularly under the building commissioner’s .
office. The exteribr brick walls along the north side of the first floor are stained green
with moss at approximately three feet above ground level, indicating chronic exposure to
splashing rainwater from the non-guttered roof. Along the edge of the foundation of the
town hall are a series of pits (Picture 14) as well as a tarmac apron. The purpose of these
pits is to provide passive ventilation for the crawlspace to prevent odor and moisture

accumulation. Each of these crawlspace vents was sealed with plywood and the seams

 caulked with foam insulation material (Picture 15). According to Board of Health

‘personnel, the vents were sealed in this manner to prevent intrusion by pests (e.g.,

fodents). By blocking these vents, water vapor and other crawlspace pollutants will tend

to vent into the building creating odors and moisten building components. In addition,

buildings are normally constructed to allow for water to flow away from exterior walls,
particularly if the building has a crawlspace or cellar. The purposé of the tarmac apron is
to direct rainwater away from fhe exterior walls. The tarmac apron was buried under soil
on the south wall and damaged along the north wall in a manner that allows for water to
accumulate against the foundation (Pictures 16 and 1_7). In both instances, water is likely
to accumulate against the exterior wall and penetréte the crawlspace.
-Moist weather tends to fravel ina ﬁonheasterly track up the Atlantic coast

towards New England (Trewartha, G.T., 1943). Wet weather systems generally pfoduce
south/southwesterly winds, which will expose the south and west facing walls to driving

rain more often than the east and north walls. Of note is the location of the building



commissioner’s office. A blocked crawlspace vent exists just outside the wmdow for thls -
office, Wthh is dlrectly exposed to driving rain from the south/southwest The other

crawlspac_e vent on this side of the building is generally sheltered by a large pme tree in

the southwestern corner of the town hall’s lot. Therefore, it appears likely that rainwater

is accumulating beneath the building commissioner’s office, which as it evaporates, may

‘increase the relative humidity in this office (the relative humidity measured duﬁng the

assessment was hi gher than that outdoors).

With a possible water source within the crawlspace evaporating into the building,
the mo‘si flikely material to support mold growth and associated odors is the wall-to-wall

carpet in the buﬂdmg commissioner’s office. The American Conference of -

' Governmental Industrial Hyglemsts (ACGIH) and the US Env1ronmental Protectlon

Agency (US EPA) recommend that porous materials be dned with fans and heating

-W1th1n 24 to 48 hours of becommg wet (ACGIH 1989; US EPA, 2001). If porous

o .matenals are not dned within this time frame, mold growth may occur. Water -damaged

porOus_ ;_natérial—s cannOt be adequately cleaned to remove mold growth. The application

~ of amildewcide to porous materials is not recommended.

A musty odor was noted upon entering the town hall. A walk-off carpet exists at

 the main entrance, which is installed over wall-to-wall carpet (Picture 18). Thé‘ rubber
mattingi.of the walk-off carpet tends to trap moisture and preven’tihg the carpeting from

drying. ;_Itii's likeiy-that the source of rhusty odors is the wall-to-wall carpet.. P.l_ease note

that the carpeting is installed over a tile floor. Old floor tile may contain asbestos and

should l;j_e remediatsd in a manner consistent with Massachusetts asbestos laws.




Other IAQ Evaluations

Univents are normally equipped with filters that strain particulates from airflow.
MDPH staff checked the univent filters and found that the univent filters installed in the
town hall are of a type that provides minimal filtration of respirable dusts. In orderto
decrease aerosolized particulates, disposable filters with an increased dust spot efﬁcienéy
can be iﬁstalled. The dust spot efficiency is the ability of a filter to remove particulates éf
a certain diameter from air passing through the filter. Filters that.ha've been determined
by ASHRAE to meet its standard for a dust spot efficiency of a minimuin of 40 percent
would be sufficient to reduce airborne particulates (Thornburg, 2000; MEHRC, 199;/';
ASHRAE, 1992). Note that increased filtration can reduce airflow produced by univents
due to increased résistance, or pressure drop. Prior to any increase of filtration, a
ventilation engineer should evaluate each univent to ascertain whether it can maintain

function with more efficient filters.

Conclusions/Recommendations

_ Inview of the findings at the time of the visit, occupant complaints are consistent
w1th what might be encountered in a building accumulating water in a crawlspace. The
sealing of the crawlspace vents combined with the lack of ventilation can ioroduce stale
air, enhance moisture movement into the building, and result in odoré._ Based on the

observations made at the town hall, the following recommendations are made:

1. Since univents are inoperable, the sole source of fresh air is through

windows. In order to adjust temperature and provide fresh air, the opening

11



of Win_ddws, to the extent practicable, is recomm_ended. To aid in the draw
6f ‘f__resh'.outdoor air in wéﬁn weather, use portable fans directing air out
- EWindOWs'én the leeward side of the bﬁild_ing. Fans positioned in this E -
: 'manhér will serve to increase the draw of outdoor air across the floor
_é.w_imout: intérferiﬁg with the natural internal airflow pattel;h of the Building. o
o i_Rer#oye plywood from crawlspace 'veﬁts t_o. enhénée airflow, Inétaﬂ \;virs' ‘
iméshbver each opening to prevent pest infiltration.
. :élnstail Va gutter and downspout systcrﬁ along the roof edge.
Untﬂ a; _gu&er énd downspou_t' system can be installed, éonstruct témporary,
i\_ayater proof -shelte'rs over each crawlspacg vent to prevent water intrusion
.'ESea.l-‘ holes in the floors, v\-falls and _ceiliﬁgs fo;r pipes and cables to prevent
‘ :iﬁﬁltration'of pollutants froﬁl wﬁli cavities. Each univez.ﬁ.-cabinet should
'- “be examined for holes in floor and walls and be rendered airtight. |
To prevent mi_iisture penetration i'nto the crawlspace, thé.folloWing actior;s
. : ;.sho'uld be C6nsfdered:
: : é-. : Reeét_ablish the integrity and.grade of the tarmac apron -t§ dr_ain rainwater
- from the foundation,
b Remove foliage to no less thaﬁ five feet from :tiie 'foundation. o

= c. Improve the grading of the ground away from the foundation at a rate Qf 6

inches per every 10 feet (Lstiburek, J. & Brennan, T.;2001). -




10.

11.

12.

13.

Examine each univent for function. Survey rooms for univent function to ascertain if

an adequate air supply exists. Consider consulting a heating, ventilation and air
conditioning (HVIAC) engineer concerning the calibration of univent fresh air control
dampers.

Remove all blockages from univents and exhaust vents.

Operate bqth supply and exhaust ventilation continuously during periods of
occupancy.

Consider having ventilation systems re-balancedfcalibrated every five years by an
HVAC engineering firm.

For buildings in New England, periods of low relative humidity during the winter are

‘often unavoidable. Therefore, scrupulous cleaning practices should be adopted to

minimize common indoor air éontaminan_ts whose irritant effects can be enhanced
when the relative .humi'r':lity is llow. To control for dusts, a high efficiency partiqulate
arrestance (HEPA) filter equipped vacuum cleémer in conjunction with wet wiping of
éll surfaces is recommended. Avoid the use of feather dusters. Drinking water
during the day can help ease some symptoms associated with a dry environment
(throat and sinus irritations).

Install filters in window-mounted air cohditioning units that conform to
manufacturer’s instructions. Clean th_e window-mounted air conditioners before and
after activation in accordance with manufacturer’s instructions.

Ascertain whether tile under carpet contains asbestos and remediate in a manner

consistent with state and federal laws related to asbestos.
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.Refer to resource manuals and other related indoor air quality documents for further
- building-wide evaluations and advice on maintaining public bﬁildings. These -
materials are located on the MDPH’s website at

: ;_htto://ww{v.st_éte.ma.u_s/doh/beh_a/iaq/iaqhome.htm.

Corisult “Mold Remediation in S¢hools and Commercial Buildings” published by the

- U.S‘:EPA' (2'00,1).f0r further information on mold. Copies of this docum_enf éan be.

| .;’domﬂdadéd from the US EPA website at:

. http://www.epa.gov/iag/molds/mold remediation.htmi.
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Figure 1

|
|
|
: ) ' - o Mortise Tenon

http:'//en.wikipedié.orghviki!Mortise_and_tenon

- e o ~ Mortise and Tenon'Jdint_'




Figure 2
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. : ' Picture 1

~ Tie Rods Connecting Auditorium Ceiling to the Roof

Picture 1A - o '




~Picture 2

LR LERES I
_ i

Wooden Horizontal Beam Inserted In Slot of Wooden Vertical Beam (Note Crack in Vertical Beam)

Picture 3




. - Picture 4

Cracked Vertical and Horizontal Beam

-Picture 5




Picture 6 ' .
Steel Support Strapping

A

Supplemental Steel Supports and Strapping (Arrows) Installed To Reinforce Horizontal and Vertical
Beams '

Picture 7

Gap Created By Repair Lifting Ceiling



N ' : ' . Picture 8

Picture 9

Univent with Wall Installed Over Casing .' o S |
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Picture 10
Exhaust Vent Housing on Roof
Picture 11

poot
IRTELS
i e

Exhaust Vent, First Floor, Note Plywood Blocking Vent




Pictuare 12
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No G-utter/D(_')wnspout- on Roof Edge, South Wa_ll

Picture 13

North Wall

No Gutter/Downspout on Roof Edge,




Picture 14 ' .

Crawlspace Vent Pit at Base of the Building, Note Plywood and Sealant .

Picture 15

Crawlspace Vent Sealed with Plywood and Sealant Adjacent to Building Commissioner’s Office, Note
Tarmac Apron Overgrown with Grass ' '




Damage Tarmac Apron, North Exterior Wall, Note Moss in Grass (Arrow) I’n&icaﬁng Heavy Water
' Exposure in This Area

Picture 17

Damage Tarmac Apron, North Exterior Wall




Picture 18

Walk-Off Carpet On Top Of Wall-To-Wall Carpet, Front Lobby
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Appendix A

‘Carbon Dioxide and its Use in Evaluatmg Adequacy
-of Ventllatlon in Bulldmgs

The' Cenl:er of Environmental Health s (CEH) Emergency Response/Indoor Air Quality

' (ER/IAQ) Program examines indoor air quality conditions that may have an effect on bulldmg

s occupants The status of the venulauon system, potentlal moisture problems/m1crob1al growth

and 1deut1ﬁcatxon of respiratory irritants are examined in detail, which are descnbed inthe

~“attached report. In.or'der to examine the fiunction of the ventilation system, measu'rements for

carbon dioxide, temperature and relative humidity are taken. Carbon dioxide measurements are

commonly used to assess the adequacy of ventilation within an indoor environment. -

Carbon dioxide is an odorless, colorless gas. It is found naturally in the environment and

-is produced in the respiration process of living bemgs Another source of carbon dlox1de 18 the

~ burning of fossil fuels Carbon d10x1de concentration in thc atmosphere is approx1mately 250-

600 ppm (N_IOSH, 1987; Beard, 1982).

‘Carbon dioxide measurements within an occupied building are a standard method used to

- gauge the. adequacy of ventilation systems. Carbon dioxide is used in this process for a number
" of reasons. Any occupied building will have normally occurring environment.ell pollutants in its
~ interfor. Human beings produce waste heat, mo:sture and carbon dioxide as by-products lof the
| resplrauon process. Equipment, plants cleaning products or school supplles normally found i in '

any schoo_l can produce gases, vapors, fumes or dusts when inuse: Ifa bmlding has an -

adeQuately operating mechanical ventilation system, these normally occurring environniental

- pollutants will be diluted and removed from the interior of the building.. The-int_roducllOn of
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fresh air both increases the comfort of the occupants and serves to dilute normally occurring

environmental pollutants.

An operating exhaust ventilation system physically removes gir from a room and thereby
removes environmental pollutants. The operation of univents in conjunction with the exhaust
ventilation system creates airflow through a room, which increases the comfort of the occupants.

If all or part of the ventila;ion system' becomes non-functional, a build up of normally occurring

environmental pollutants may occur, resulting in an increase in the discomfort of occupants.

The MDPH approach to resolving indoor air quality problems in schools and pﬁblic
buildings is generally two-fold: 1) improving ventilation to dilute and remove environmentat
pollutants and 2) reducing or eliminating exposure opportunities from materials that may be
adversely affect_ing indoor air quality. In the case of an odor complainf of unknown origin, it is

common for CEH staff to receive several descriptions from building occupants. A description of

‘odor is subjective, based on the individual’s life experiences and perception. Rather than test for

a potential series of thousands of chemicals to identify the unknown material, carbon dioxide is

used to judge the adequacy of airflow as it both dilutes and removes indoor air environmental

_pollutants.

As previously mentioned, carbon dioxide 1s used as a diagnostic tool to evaluate air
exchange by building ventilation systems. The presence of increased levels of carbon dioxide in

indoor air of b_uildings is attributed to occupancy. ‘As individuals breathe, carbon dioxide is

‘exhaled. The greater the number of occupants, the greater the amount of carbon dioxide
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‘produced. Carbon dioxide concentration build up in indoor environments isattributed to
- inefﬁcient or non-functioning ventilation systems. The-Occupational Safety and Health . |

Adm1mstranon (OSHA) standard for carbon dioxide is 5,000 parts per million parts of air (ppm)

Workers may be exposed to this level for 40 hours/week based ona t1me-we1ghted average

(O_SHA, 1997).

Carbon dioxide can be a hazard within enclosed areas WIth no air supply “These types of

' _enclosed areas are known as conﬁned spaces Manholes, mines and sewer systems are examples
" of confined spaces. An ordinary building is not considered a confined space. Carbo"n dtoxide air -
‘exposure hmlts for employees and the general public»have been established By a_nnr_nber of
: govemmental health and industrial safety groups. Each of these stanc_i_ards of air concentrations is
_ exp_ressed m parts per million (ppm). T able. 1 is a listing of carbon d_ioxide air concentra_tions _

- and related health effects and standards.

The :Depart_ment of Public Health uses a guideline of 800 ppm fot publicly occupied

buildings (SMACNA, 1998; Redlich, 1997; Rosenstock, 1996; OSHA, 1994; Gold, 1992; Burge

:e't.al., 1990; Norb'ack, 1990). A guideline of 600 ppm or less is preferred in sch_ools due to the

fact that the maj ority of occupants are young and considered to be a more sensitive population in

: the evaluatlon of environmental health status. Several sources indicate that indoor air. problems

are signifi cantly reduced at 600 ppm or less of carbon d10x1de (ACGIH, 1998 Bnght etal.,

1992 H1ll 1992 NIOSH 1987) Inadequate Ventﬂatlon and/or elevated temperatures are major

" -causes of complamts such as respiratory, eye, nose and throat 1rr1tat10n, -lethargy and headaches.
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Air levels for carbon dioxide that indicate that indoor air quality may be a problem have
been established by the American Society of Heating, Refrigerating and Air-conditioning

Engineers (ASHRAE). Above 1,000 ppm of carbon dioxide, ASHRAE recommends adjustment

- of the building’s ve_‘.ntilation system (ASHRAE, 1989).

Carbon dioxide itself has no acute (short-term) health effects associated with low level
exposure (below 5,000 ppm). The main effect of carbon dioxide in{rolves its ability to displace
oxygen for the air in a confined space. As oxygen is inhaled, carbon dioxide levels build up in
the confined space, with a decreaée in oxygen content in the available air. This displacement of
oxfgen makes carbon dioxidé a simple asphyxiant. At carbon dioxide levels of 30,000 ppm,
severe headaches, diffuse sﬁeating, and labored breathiﬁg ha\-re been reported. No chronic

health effects are reported at air levels below 5,000 ppm.

| Air tésting 1s one method used to determine whether cé;fﬁon dioxide levels exceed the
comfort 1evels recommended. If carbon dioxide levels are over 800-1,000 ppm, the MDPH
recommends adjustment of the building's ventilation system, The Department recommends that
corrective measures be taken at levels above 800 ppm of carbon dioxide in office buildings or
schools. (Pleése note that carbon dioxide levels measured below 800 ppm méy n(_)f decrease
maoor air quality complaints). Sources of environmental pollutants indoors can often induce
symptoms in exposed individuals regardless of the adequacy of the ventilation system. As an
example, an idling bus outside a building may have minimal effect on carbon dioxide levels, but

can be a source-of carbon monoxide, particulates and odors via the ventilation system.
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Therefore, the MDPH strate_:gy of adequate ventilation coupled with'pbllutant source

| '-reduc_ti'c;n'/remove_tl serves to imprdve indoor air quality in a building. Please note that each table
: i_m'?lUded in-'the IAQ assessment lists CEH comfort levels for carbon diexide ievels ét the bottom
' (ie. ,ﬁcla-rrb_.oh d_io_xid_e l.ev:evl:s _.betwe.'en' 600 ppm to 806 ppm are a.céeptable and <600 pp_m: is
.' N preférable); 'While cafbbn diox..ide levels aré impoﬂa’ht’, focusing on these. air measurements _in

“jsolation to'all other recommendations is a misinterpretation of the recommendations made in

these assessments.
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Concentrations in ambiant air
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Table 1
Carbon Dioxide Air Level Standards

Reference =

None
NIOSH, 1987
600 ppm None Most indoor air complaints eliminated, ACGIH, 1998;
used as reference for air exchange for Bright et al., 1992;
protection of children Hill, 1992;
NIOSH 1987
800 ppm None Used as an indicator of ventilation Bell, A. A., 2000;
' inadequacy in schools and public SMACNA, 1998;
- buildings, used as reference for air Redlich, 1997;
exchange for protection of children Rosenstock, 1996;
- OSHA, 1994;
Gold, 1992; ,
Burge et al., 1990;
Norback, 1990
1000 ppm None Used as an indicator of ventilation. ASHRAE, 1989
' inadequacy concerning removal of
odors from the interior of building.
950-1300 ppm* None Used as an indicator of ventilation ASHRAE, 1999
inadequacy concerning removal of '
odors from the interior of building.
5000 ppm No acute (short Permissible Exposure Limit/Threshold  ACGIH, 1999
term) or chronic Limit Value OSHA, 1997
(long-term) health :
effects
30,000 ppm Severe headaches,  Short-term Exposure Limit ACGIH, 1999
diffuse sweating, ACGIH. 1986
and labored '
breathing -

* gutdoor carbon dioxide measurement +700 ppm
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